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♦ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the semiconductor device which has the amorphous high dielectric film formed on the 
substrate, 

This amorphous high dielectric film consists of a mixed oxide containing the metallic oxide 

which has a high dielectric constant, and the insulating oxide of an elevated temperature [ 

temperature / of an amorphous phase / crystallization / metallic oxide / this ], 

Presentation distribution of the direction of thickness in this amorphous high dielectric film is a 

semiconductor device characterized by becoming small as the presentation ratio to this insulating 

oxide of this metallic oxide separates firom this substrate. 

[Claim 2] 

In the semiconductor device which has the amorphous high dielectric film formed on the 
substrate. 

This amorphous high dielectric film consists of a mixed oxide containing the metallic oxide 

which has a high dielectric constant, and silicon oxide or an aluminum oxide, 

Presentation distribution of the direction of thickness in this amorphous high dielectric film is a 

semiconductor device characterized by becoming small as the presentation ratio to this silicon 

oxide or this aluminum oxide of this metallic oxide separates from this substrate. 

[Claim 3] 

The semiconductor device according to claim 1 or 2 which made the presentation ratio of this 
metallic oxide near the substrate more than 60 mol %, and made it 20% or less by the maximum 
** from the substrate. 
[Claim 4] 

In the deposition approach of the amorphous high dielectric film which consists of a mixed oxide 
containing the metallic oxide which has a high dielectric constant on a substrate, and the 
insulating oxide of an elevated temperature [ temperature / of an amorphous phase / 
crystallization / metallic oxide / this ], 

The deposition approach of the amorphous high dielectric film cheiracterized by changing the 
deposition conditions of this amorphous high dielectric film so that the presentation ratio to this 
insulating oxide of this metallic oxide in this amorphous high dielectric film may become small 
with progress of deposition. 
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[Claim 5] 

Deposition of this amorphous high dielectric film is the deposition approach of the amorphous 
high dielectric film according to claim 4 characterized by using a CVD method (modified 
chemical vapor deposition). 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the gate dielectric film of a high dielectric constant with which after hot 
heat treatment is used especially for an MOS transistor (MOS mold field-effect transistor) about 
the semiconductor device equipped with the high dielectric film holding an amorphous state. 
[0002] 

[Description of the Prior Art] 

It is Si02 in order to secure the high-speed operation of a minute MOS transistor, and low- 
battery actuation. The attempt which uses the high dielectric constant matter with a high 
dielectric constant as gate dielectric film is made, for example, HfOx and ZrOx etc. — the MOS 
transistor which uses as gate dielectric film the amorphous thin film which consists of a high 
dielectric constant metallic oxide is proposed. 
[0003] 

However, these metallic oxides are easily crystallized at the temperature of 800 degrees C or 
more. For this reason, if an amorphous substance metallic oxide is used as gate dielectric film, 
amorphous gate dielectric film will crystallize by heat-of-activation processing of the source 
drain field given after depositing gate dielectric film. Crystallization of this gate dielectric film is 
Si02 of a low dielectric constant to the front face of the silicon substrate which is the substrate of 
gate dielectric film. The film is made to generate and the effective thickness of gate dielectric 
film is made to increase. Moreover, since crystallization takes place in the shape of a cluster, the 
fluctuation regarding the place of the electrical characteristics of gate dielectric film and a 
physical characteristic is generated. For this reason, the property of a transistor is not stabilized. 
[0004] 

The approach of controlling crystallization of this high dielectric constant metallic oxide is 
indicated by JP,2000-12840,A and JP,200 1-771 1 1,A. The former uses as gate dielectric film the 
amorphous thin film which consists of TaOY-AlOX, TaOY-SiOX(s), or these mixed oxides. The 
latter is HfOY. Or ZrOY Let the amorphous thin film which consists of a mixed oxide with the 
oxide of the oxide of a trivalent metal, for example, aluminum and La, and Sc be gate dielectric 
film. The amorphous thin film which consists of these mixed oxides does not cause 
crystallization by heat treatment of 800 degrees C or more, either, having the high dielectric 
constant produced from the oxide of Ta, Hf, or Zr. For this reason, it is stabilized and the uniform 
gate dielectric film which has a high dielectric constant can be manufactured. 
[0005] 

However, it is the oxide of a low dielectric constant, for example, SiOX, from this to the oxide of 
Ta and Hf which have a high dielectric constant in the amorphous thin film with which these 



2 



crystallization was controlled, or Zr. Or the oxide of a trivalent metal is mixed. For this reason, 
these amorphous thin films cannot have a high dielectric constant like the oxide of Ta, Hf, or Zr. 
[0006] 

[Problem(s) to be Solved by the Invention] 

As mentioned above, the amorphous high dielectric film which consists of a metallic oxide 
which has the conventional high dielectric constant had the problem of being easy to generate 
dispersion in transistor characteristics, when it used as gate dielectric film, in order that 
crystallization temperatxu-e might crystalize easily low. 

Moreover, the amorphous thin film which mixed the oxide of a low dielectric constant to the 
metallic oxide in order to control crystallization has the problem [ dielectric constant / high ] of 
being difficult to get. 
[0007] 

This invention aims at offering the amorphous high dielectric film which crystallization by heat 

treatment is controlled and has a high dielectric constant. 

[0008] 

[Means for Solving the Problem] 

With the first configiu^ation of this invention for solving the above-mentioned technical problem, 
it considers as the mixed oxide which contains as a component the metallic oxide which has a 
high dielectric constant for the ingredient of the amorphous high dielectric film formed on a 
substrate, and an insulating oxide. As for this mixed oxide, what uses a metallic oxide and an 
insulating oxide as a component is desirable. However, if a dielectric property and an insulating 
property are fiilfilled, a metallic oxide and an insulating oxide can be used as a main component, 
and other oxides can also be included. 
[0009] 

the oxide of the transition metals which serve as a high dielectric as this metallic oxide, for 
example, specific inductive capacity, — HfOx of abbreviation 30, ZrOx of 12-25, Ta2 Ox of 25- 
65, and TiOx of abbreviation 55 Or the mixed oxide which makes a component 100 or more 
BST(s) (BiSrTi oxide) or these can be used. Especially, it is HfOx. And ZrOx It has the property 
which was excellent as gate dielectric film, and is desirable. Moreover, LaOx, other oxides, for 
example, Y2 Ox, of transition metals, PrOx, GdOx, V2 Ox, Nb2 Ox, Cr2 Ox, and Mo2 Ox Or 
WOx(es) or these mixed oxides may be used. In addition, the oxygen density may shift fi-om 
stoichiometric composition about 30%, and the amorphous mixed oxide mentioned above is Ox 
in this description about the oxygen density of this range. It writes. 
[0010] 

An insulating oxide is an oxide which has the insulation of extent which does not degrade the 
insulating property of an amorphous high dielectric film, for example, diacid-ized silicon (Si02), 
an aluminum oxide (aluminimi 203), or acid silicon nitride (SiON) can be used for it. Moreover, 
the oxide with the crystallization temperature of an amorphous phase higher than an above- 
mentioned amorphous substance metallic oxide eis an insulating oxide may be used. These 
insulating oxides control crystallization of an amorphous high dielectric film in the amorphous 
high dielectric film which consists of a mixed oxide with a metallic oxide in the case of heat-of- 
activation processing as known well. 
[0011] 

Furthermore with the first configxiration of this invention, the presentation in an amorphous high 
dielectric film has the presentation distribution which changes in the direction of thickness. That 
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is, there are many metallic oxides near the substrate and there is little insulating oxide. On the 
other hand, the rate of a metallic oxide decreases and the rate of an insulating oxide increases as 
it separates from a substrate. 

The configuration of this invention mentioned above was invented based on the knowledge of the 
following related with crystallization of an amorphous metal thin film which the artificer of this 
invention clarified. 
[0012] 

The artificer of this invention began from the location where crystallization of an amorphous 
metal oxide film separated from the substrate interface, and showed clearly that it spreads to the 
whole amorphous metal oxide film by simulation. Hereafter, this simulation is explained. 
drawing 2 and drawing 3 ~ respectively — a simulation resuh sectional view (the 1) - and (the 2) 
- it is ~ the metal atom location in the amorphous metal oxide layer deposited on the substrate is 
expressed. 
[0013] 

First, drawing 2 (a) is referred to and it is amorphous Si02. The molecular arrangement which 
carried out the laminating of the metal oxide layer 20 of an amorphous phase was given as initial 
condition on the substrate 1 . In order to simplify explanation here, it is Hf02 as a metallic oxide. 
The used simulation is explained. Subsequently, the metal oxide layer 20 permutes a part of part 
(between CDs in drawing 2 (a)) which touches a substrate 1 by the crystalline nucleus 21 of a 
metallic oxide. One side used the crystalline nucleus 21 as the cube which is 1.5nm. 
Subsequently, the relocation location of the metal atom in the metal oxide layer 20 (here Hf) was 
calculated by having carried out temperature up of the temperature to 1227 degrees C. Count was 
made by the simulation based on molecular dynamics. The simulation result after passing for 320 
p seconds since temperature up in dravdng 2 (b) is shown. With reference to drawing 2 (b), the 
regular array given as a crystalline nucleus 21 disappears, and the arrangement after heat 
treatment of the metal atom in the metal oxide layer 20 is changing to arrangement of the same 
amorphous phase as initial condition. This result shows clearly that this crystalline nucleus does 
not grow and disappears, even if a crystalline nucleus occurs near the interface with a substrate 1 . 
It is shown that growth of a crystalline nucleus to which this leads to crystallization of the 
amorphous substance metallic-oxide layer 20 whole near the substrate cannot take place easily. 
[0014] 

Next, the relocation location of the metal atom after heat treatment was calculated by having 
arranged the crystalline nucleus 21 with reference to drawing 3 (a) in the location (between EF in 
drawing 3 ) which separated 1.5nm from the substrate 1. It is the same as that of the above- 
mentioned simulation conditions of having explained other conditions with reference to drawing 
2 except for the location of a crystalline nucleus 21. 

When 320 p seconds pass with reference to drawing 3 (b) after carrying out temperature up to 
1227 degrees C, the whole metal oxide layer 20 is crystallizing. The crystalline nucleus generated 
in the location where this result separated from the interface with a substrate 1 shows clearly that 
the metal oxide layer 20 whole is crystallized. 
[0015] 

It is shown that two above-mentioned simulation results explained with reference to drawing 2 
and drawing 3 spread crystallization of the metal oxide layer 20 to the metal oxide layer 20 whole 
ignited by the crystalline nucleus generated by the location distant from the interface with a 
substrate 1. Although crystallization with the about one-substrate metal oxide layer 20 
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spontaneous originally does not take place at this time, it will crystallize by propagation of 
crystallization which started in the location distant from the interface. That is, crystallization 
takes place in the location first distant from the substrate, this spreads crystallization of the 
amorphous metal oxide layer 20, and the whole crystallizes it. 
[0016] 

Thus, if that the progress situation of crystallization changes with generation locations of a 
crystalline nucleus relates to the potential of the metallic oxide which touches a crystalline 
nucleus, the artificer of this invention thinks. 

If each of crystalline nuclei in an undistorted condition and potential periods of an amorphous 
substance metallic oxide is averaged, they has the period near the crystal lattice of a metallic 
oxide. Therefore, since it is far from a substrate, the effect of a stacking fault with a substrate 
carries out abbreviation coincidence of the potential period of a metallic oxide with the potential 
period of a crystalline nucleus in a small location. For this reason, a crystalline nucleus tends to 
grow and the generation energy of a crystalline nucleus is also small. 
[0017] 

On the other hand, it originated in the stacking fault (if amorphous, the mismatching of the 
average interatomic distance is meant.) of a substrate and a metallic oxide, and the metallic oxide 
near the substrate is distorted greatly. Therefore, near the substrate, a difference with the potential 
period of the potential period of a crystalline nucleus and a surroxmding metallic oxide is large. 
For this reason, growth of a crystalline nucleus is checked and the generation energy of a 
crystalline nucleus is also large. 
[0018] 

Thus, near the substrate, it is hard to generate a crystalline nucleus, and growth of a crystalline 
nucleus is also controlled. On the other hand, in the location distant from the substrate, a 
crystalline nucleus grows easily that it is easy to generate a crystalline nucleus. This simulation 
result is HfOx. If it deposits on the thickness of 5nm, it will become the amorphous film, but if 
25nm is deposited on the same deposition conditions, the experiment data which the artificer of 
this invention of becoming the crystalline substance film performed will often be explained. 
[0019] 

This invention was invented based on this knowledge. Drav^ng 1 is a sectional view explaining 
the principle of this invention, and dravying 1 (b) expresses the presentation distribution for the 
amorphous high dielectric film which drawing 1 (a) requires for this invention formed on the 
substrate. 

With reference to drawing 1 , there are many metallic oxides (see the curve A in drawing 1 (b)) at 
about one substrate, and the amorphous high dielectric film of the configuration of the first of 
this invention has little insulating oxide (see the curve B in drawing 1 (b)). Therefore, the about 
one-substrate amorphous high dielectric film 2 has the large presentation ratio of a metallic oxide 
which has a high dielectric constant, and it has a high dielectric constant. On the other hand, the 
rate of the insulating oxide which the rate of a metallic oxide decreases and controls 
crystallization increases as it separates from a substrate 1 . Therefore, crystallization of the 
amorphous high dielectric film 2 in the location distant from the substrate 1 is controlled. That is, 
the amorphous high dielectric film of this configuration is considered as the presentation which 
considers as the presentation which permits decline in a dielectric constant and controls 
crystallization, lessens the presentation which falls a dielectric constant to a lifting near the pile 
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substrate in crystallization, and has a high dielectric constant in the location which is distant from 

a lifting or a cone substrate in crystallization. 

[0020] 

With this configuration, since generating of crystallization in the location distant from the 
substrate is controlled, crystallization of the whole amorphous high dielectric film spread and 
caused from here is avoidable. On the other hsmd, since it has the presentation of a high dielectric 
constant near the substrate, the effective dielectric constant of an amorphous high dielectric film 
becomes high. Although it is generally easy to crystallize the amorphous high dielectric film of a 
presentation of such a high dielectric constant, since it is arranged near the substrate, with this 
configuration, crystallization is fixUy controlled. Therefore, the amorphous high dielectric film 
which crystallization is controlled and has a high effective dielectric constant is oflfered. 
[0021] 

The whole is constituted from the uniform presentation in this by the amorphous high dielectric 
film which consists of the conventional mixed oxide as compared with the conventional thing. 
Therefore, the presentation from which crystallization does not arise must constitute the whole 
amorphous high dielectric film also from the part to which it is in the most distant location from 
a substrate conventionally, and crystallization tends to take place. Such a presentation 
corresponds to the presentation of a location which is most separated from the substrate in this 
configuration, i.e., the presentation of a part with the lowest dielectric constant with most [ 
therefore ] insulating oxide. For this reason, the effective dielectric constant of the conventional 
amorphous high dielectric film becomes lower than the thing of this invention. 
[0022] 

In the configuration of this first, presentation ratio distribution of a metallic oxide must be the 
presentation distribution which has a high dielectric constant and is hard to crystallize. According 
to the experiment, the presentation ratio of a metallic oxide will crystallize an amorphous high 
dielectric film with a thickness of 65nm by 1000 degrees C and heat treatment for several 
seconds 50%. Therefore, as for the presentation ratio of a metallic oxide, it is desirable that it is 
less than [ 50 mol % ] in the location distant from the substrate, for example, the presentation 
ratio of a metallic oxide — a near substrate — 40-100-mol % — it considers as 60-100-mol % 
more preferably, and it is desirable from a substrate to consider as 0-20-mol % more preferably in 
the location of the maximum ** 0-40-mol%. Here, zero-mol % and 100-mol % is semantics with 
the presentation which does not contain a metallic oxide intentionally, and the presentation which 
does not contain any components other than a metallic oxide intentionally. 
[0023] 

The simulation mentioned above is amorphous Si02. It is considering as the substrate. It is this 
substrate Si02 of a crystalline substance The same result was obtained, whether it replaces with 
or replaced with Si of a crystalline substance. This has suggested that the inclination of 
crystallization does not have effect with the big difference with the crystalline substance of a 
substrate, and an amorphous substance depending on the average interatomic distance of the 
substrate which is the substrate of an amorphous high dielectric film. 
[0024] 

In addition, this amorphous high dielectric film concerning this invention is applicable to the 
general semiconductor device which uses an amorphous high dielectric film. Especially, it excels 
as gate dielectric film of a field-effect transistor. Moreover, it can be used as a dielectric of a 
capacitor and leakage current can also be lessened. 
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[0025] 

[Embodiment of the Invention] 

This invention is explained with reference to the production process of the example of an 
operation gestalt applied to gate dielectric film. 

Drawing 4 is example cross-section process drawing of the first operation gestalt of this 
invention, and expresses the production process of an MOS transistor. With reference to drawing 
4 (a), the transistor formation field demarcated by field oxide 6 on the silicon substrate la firont 
face is formed, the silicon substrate la firont face expressing the transistor formation field is 
oxidized, and it is Si02 with a thickness of 0.5-lnm. Thin film lb is formed. This Si02 Thin 
film lb is Si02 of thickness uneven to that interface by the reaction of the amorphous high 
dielectric film 2 and silicon substrate la which are deposited on this. It is for preventing that a 
layer is formed, and it is not necessary to form without that need. 
[0026] 

Subsequently, with reference to drawing 4 (b), the amorphous high dielectric film 2 with a 
thickness of 4nm is deposited all over a silicon substrate la top using a CVD method (modified 
chemical vapor deposition). A CVD method makes substrate temperature 500 degrees C, and is 
the material gas of Hf or Zr, and Si02. Or aluminum 203 It supplied so that material gas might 
be mixed and total pressure might be set to 65Pa. Here, it is Si02 of the material gas of Hf or Zr. 
Or aluminum 203 Whenever 0.5nm of deposition advanced, the mixing ratio to material gas was 
increased stair-like with progress of deposition so that the presentation ratio of Hf or Zr might 
increase 5%. Of course, even if it uses other methods of changing a presentation ratio besides the 
mixing ratio of material gas, it does not interfere. 
[0027] 

Dravsdng 5 is the example presentation distribution map of the first operation gestalt of this 
invention, and expresses presentation distribution of an amorphous high dielectric film. Si02 
formed in the fi"ont face of silicon substrate la with reference to drawing 5 as a result of 
deposition of the amorphous high dielectric film 2 by the above-mentioned CVD method On thin 
film lb, it is HfOx. Or ZrOx Si02 Or aluminum 203 The amorphous high dielectric film 2 
which consists of a mixed oxide was formed. In addition, it is HfOx in order to simplify 
explanation at drawing S . Si02 Only the mixed oxide is indicated. 
[0028] 

The component of the metallic oxide which has a high dielectric constant, for example, HfOx, It 
was 60-mol %, with reference to continuous-line (b) in drawing 5 , according to the interface 
with a substrate 1, it decreased linearly as it separated from substrate 1 interface, and on the firont 
face of an amorphous high dielectric film, it became 20-mol%. (On the other hand, the oxide 2 
which controls crystallization, for example, SiO, With distribution of a metallic oxide, it is 
increasing to it as it separates from a substrate interface conversely from 40-mol % to 80-mol %.) 
[0029] 

Subsequently, the amorphous high dielectric film 2 and Si02 which form the gate electrode 3 on 
the amorphous high dielectric film 2, and extend on the outside of the gate electrode 3 with 
reference to drawing 4 (c) Thin film lb is etched and removed. Subsequently, sidewall 3a is 
formed in the side attachment wall of the gate electrode 3 for low concentration field 4a after 
formation by the ion implantation which uses the gate electrode 3 as a mask, and high 
concentration field 4b is formed by the ion implantation. 
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[0030] 

Subsequently, with reference to drawing 4 (d), the source drain field which consists of low 
concentration field 5a and high concentration field 5b which were activated by lamp annealing's 
performing 1000 degrees C and heat-of-activation processing for 10 seconds, and activating low 
concentration field 4a and high concentration field 4b by which the ion implantation was carried 
out is formed. 

The gate dielectric film (Si02 with a thickness of 0.5nm cascade screen which consists of an 
amorphous high dielectric film 2 with a thin film lb eind a thickness of 4nm) of the MOS 
transistor manufactured according to this process held the condition of an amorphous phase 
thoroughly while having the high effective dielectric constant. 
[0031] 

The example of the second operation gestalt of this invention changes the production process of 
the amorphous high dielectric film 2 of the example of the first operation gestalt into a spatter. 
Other production processes are the same as that of the example of the first operation gestalt. 
With reference to drawing 1 (a), it is Si02 to a silicon substrate la fi-ont face like the example of 
the first operation gestalt. Thin film lb is formed. Subsequently, with reference to drawing 4 (b), 
the amorphous high dielectric film 2 with a thickness of 5nm was deposited all over the silicon 
substrate la top using the spatter. Spatter conditions set substrate temperature 300 degrees C, and 
set spatter power 1 .OPa and in early stages of deposition to 300W for Ar gas pressure. In 
addition, since mixing a oxidizing gas increases the amount of oxygen in the deposition film to 
Ar gas, it is desirable. 
[0032] 

A target is a metallic oxide 2, for example, HfO. Or Zr02 A sintering plate and aluminum 203 A 
sintering plate or Si02 The plate was used. A spatter is Hf02 first. Or Zr02 It is Hf02, using a 
sintering plate as a target. Or Zr02 It deposited. Subsequently, HfD2 Or Zr02 aluminum 203 Or 
Si02 A spatter is carried out by turns simultaneous and they are a metallic oxide and aluminimi 
203. Or Si02 The amorphous high dielectric film 2 which consists of a mixed oxide was 
deposited. 
[0033] 

During a spatter, it is Hf02 so that the presentation ratio of Hf or Zr may decrease 20%, 

whenever 1 .Onm of deposition advances. Or Zr02 Spatter power or alumimmi 203 Or Si02 

Spatter power was adjusted, respectively. ^ 

Si02 formed in the fi-ont face of silicon substrate la as a result of deposition of the amorphous 

high dielectric film by this spatter On thin film lb, it is HfOx. Or ZrOx Si02 Or alimiinum 203 

The amorphous high dielectric film 2 which consists of a mixed oxide was formed. 

[0034] 

The component of the metallic oxide which has a high dielectric constant, for example, HfOx, It 
was 100-mol %, according to the interface with a substrate 1, it decreased linearly as it separated 
fi-om substrate 1 interface, and on the fi*ont face of an amorphous high dielectric film, it became 
zero-mol%. (On the other hand, the oxide 2 which controls crystallization, for example, SiO, 
With distribution of a metallic oxide, it is increasing to it as it separates fi-om a substrate interface 
conversely fi-om zero-mol % to 100-mol %.) 
[0035] 

Subsequently, the MOS transistor was made at the same process as the example of the first 
operation gestalt. The gate dielectric film of this MOS transistor held the condition of an 
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amorphous phase thoroughly. 

Invention following given in an additional remark is included in this description mentioned 
above. 

(Additional remark 1) In the semiconductor device which has the amorphous high dielectric film 
formed on the substrate. 

This amorphous high dielectric film consists of a mixed oxide containing the metallic oxide 

which has a high dielectric constant, and the insulating oxide of an elevated temperature [ 

temperature / of an amorphous phase / crystallization / metallic oxide / this ], 

Presentation distribution of the direction of thickness in this amorphous high dielectric film is a 

semiconductor device characterized by becoming small as the presentation ratio to this insulating 

oxide of this metallic oxide separates from this substrate. 

[0036] 

(Additional remark 2) In the semiconductor device which has the amorphous high dielectric film 
formed on the substrate. 

This amorphous high dielectric film consists of a mixed oxide containing the metallic oxide 

which has a high dielectric constant, and silicon oxide or an aluminum oxide. 

Presentation distribution of the direction of thickness in this amorphous high dielectric film is a 

semiconductor device characterized by becoming small as the presentation ratio to this silicon 

oxide or this aluminum oxide of this metallic oxide separates firom this substrate. 

[0037] 

(Additional remark 3) A semiconductor device the additional remark 1 which made the 
presentation ratio of tiiis metallic oxide near the substrate more than 60 mol %, and made it 20% 
or less by the maximum ** from the substrate, or given in two. 

(Additional remark 4) This metallic oxide is HfOx, ZrOx, Ta2 Ox, TiOx, Y2 Ox, and La2 Ox. Or 
semiconductor device of the additional remarks 1 and 2 or 3 publications it is unstated firom Pr2 
Ox(es) or these mixed oxides. 
[0038] 

(Additional remark 5) This metallic oxide is HfOx and ZrOx. Or semiconductor device of the 
additional remarks 1 and 2 or 3 publications it is imstated from TiOx(es) or these mixed oxides. 
(Additional remark 6) A semiconductor device the additional remarks 1, 2, 3, and 4 equipped 
with the field-effect transistor which uses this amorphous high dielectric film as gate dielectric 
film, or given in five. 

(Additional remark 7) This substrate is Si02 formed in the front face of a silicon substrate and 
this silicon substrate. Semiconductor device the additional remarks 1, 2, 3, 4, and 5 which have a 
thin film, or given in six. 
[0039] 

(Additional remark 8) This substrate is the semiconductor device of the additional remarks 1, 2, 
3, 4, 5, and 6 or 7 publications it is unstated from a silicon substrate. 

(Additional remark 9) In the deposition approach of the amorphous high dielectric film which 
consists of a mixed oxide containing the metallic oxide which has a high dielectric constant on a 
substrate, and the insulating oxide of an elevated temperature [ temperature / of an amorphous 
phase / crystallization / metallic oxide / this ], 

The deposition approach of the amorphous high dielectric film characterized by changing the 
deposition conditions of this amorphous high dielectric film so that the presentation ratio to this 
insulating oxide of this metallic oxide in this amorphous high dielectric film may become small 



with progress of deposition. 
[0040] 

(Additional remark 10) Deposition of this amorphous high dielectric film is the deposition 
approach of the amorphous high dielectric film the additional remark 9 publication characterized 
by using a C VD method (modified chemical vapor deposition). 
[0041] 

[Effect of the Invention] 

Since a dielectric film with a high effective dielectric constant can be formed that it is hard to 
crystallize according to this invention as mentioned above, the place which contributes to the 
improvement in the engine performance of an MOS transistor or a capacitor is large. 
[Brief Description of the Drawings] 

[Drawing 11 The sectional view explaining the principle of this invention 
[Drawing 21 Simulation result sectional view (the 1) 
[Drawing 31 Simulation result sectional view (the 2) 

[Drawing 41 Example cross-section process drawing of the first operation gestalt of this 
invention 

[Drawing 5] The example presentation distribution map of the first operation gestalt of this 
invention 

[Description of Notations] 

1 Substrate 

la Silicon substrate 
lb Si02 Thin film 

2 Amorphous High Dielectric Film 

3 Gate Electrode 
3a Sidewall 

4 Ion-Implantation Field 

4a and 5a Low concentration field 
4b and 5b High concentration field 

5 Source Drain Field 

6 Field Oxide 

20 Metal Oxide Layer 

21 Crystalline Nucleus 
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